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Amendments to the Specification 

In the paragraph starting on page 3, starting with "In order to achieve the above object please 
amend as the following: 

In order to achieve the above object, the method for calculating charged rate of a 

secondary batter y according to the first aspect of the present invention is intended to calculate 

charged rate of a secondary battery which suites- is adapted to su p ply electric power to loads to 

a load , and comprises the steps of: p roviding a time function for the op en circuit voltage of the 

s econdary batt ery as a function of time with its coefficients undetermined; measuring voltages 

samples of the open circuit vo ltage of the secondary battery at a plurality of different time poi nts 

within ^.predetermined period of time after termination of charge or discharge to obtain a plural 

measured voltages samples along time axis; se^uent ia lly-ealculatm g using the plural measured 

voltages samples to determine the coefficients of -a-qHadrie^ more -exp o nential dam ping 

fimetien-whiek^ voltag e c£4he~seeendary 

tetey the time function to thereby determine the time function : calculating a convergent value 

of the open circuit voltage of the secondary battery based on at least t he coefficients determined 

time , function; and calculating the charged rate based on the convergent value of the open circuit 

voltage; wherein t he st ep of providing the time function comprises pr o viding a combination of at 

least two e xponential decay junctions in which the combination of N exponential decay 

functions, hereinafter referred to as multi-exponential decay function, where N is an integer of at 

least two is given by 

Y m alexp(-b 1*X) + a2 exp(-b2 • X) 
* b3 *X)+a4 exp(-b4 - X) 

+ * * * « + an exp(-tan*X)4 -c 

wtoejii J2N+ 1) coefficients al to an. b l to bn and c ar e undetermined, Y denotes the open 
circuit voltage, and X deno tes time: and 

wherein the step o f using the plural measured voltage samples comprises using the 
measured voltage sam ples to determine the (2 N+ 1) c oeffi c ients to determine the multi- 
exponential decay functio n. 
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In the paragraph starting on page 4, starting with "In the method for calculating charged rate of a 
secondary battery according to the second aspect of the present invention," please amend as the 
following: 

In the method for calculating charged rate of a secondary battery according to the second aspect 
of the present invention, the- een - vergent ¥ak*e^4he-epen^ 

use-ef-t he function -obtained from the-^uadric or mo r e expo nential damping function-by 

where in predetermined expone n t i al decay terms included in the multi - exponential decay function 
are removed in correspondence to a standby time o f measuring the plural measured voltage 
samples along the time axis to calculate the convergent value of the open circuit voltage of th e 
secondar y battery. 

In the paragraph starting on page 4, starting with "In the method for calculating charged rate of a 
secondary battery according to the third aspect of the present invention," please amend as the 
following: 

In the method for calculating charged rate of a secondary battery according to the third 
aspect of the present invention, wherein t he exp en e rfaj--^ dec ay 

function is the function with time T as described below in the formula (1) which has five 
coefficients of Al, A2, A5, A6 and C: 

F(r)= Alexp(A5-T)+ A2 Qxp(A6-T) + c ^ 

wherein F(T) denotes the open cir c ui t voltage. 

In the paragraph starting on page 5, starting with "In the method for calculating charged rate of a 
secondary battery according to the fourth aspect of the present invention," please amend as the 
following: 

In the method for calculating charged rate of a secondary battery according to the forth 
aspect of the present invention, wherein the exponentM--dampii^-miilti-exp onential decay 
function is the function with time T as described below in the formula (2) which has the nine 
coefficients of Al to A9: 
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F(T) = A\ exp( AS- T) + A2 exp( A6- T) 

+ A3 exp( 47- T) + A4 exp( A&-T) + A9 (2) 

In the paragraph starting on page 6, starting with "In the method for calculating charged rate of a 
secondary battery according to the fifth aspect of the present invention/' please amend as the 
following: 

In the method for calculating charged rate of a secondary battery according to the fifth 
aspect of the present invention, the formula (3) mentioned below is used in place of the function 
F(T) of the formula ( 2) when the standby time of voltage measurement is more than or equal to 
^^predetermined first time and less than a predetermined second time , the formula (4) 
mentioned below is used in place of the function F(T) of the formula ( 2) when the standby time 
of voltage measurement is more than or equal to the predetermined second time and less than a 
predetermined third time , and the formula (5) mentioned below is used in place of the function 
F(T) of the formula (2) when the standby time of voltage measurement is more than or equal to 
the predetermined third time: 

F(T ) = A2 exp( A6- T) + A3 exp( A7- T) + A4 exp( A&-T) + A9 (3) 

F(T) = A3 exp( Al* T) + A4 exp( Afr T) + A9 

F(T)~A4 exp( AS* T) + A9 (5) 

In the paragraph starting on page 7 5 starting with "An apparatus for calculating charged rate of a 
secondary battery according to the eighth aspect of the present invention," please amend as the 
following: 

An apparatus for calculating charged rate of a secondary battery according to the eighth 
aspect of the present invention, which calculates the charged rate of the s e co n d ary ba tt ery is 
adapted t o supply a t least a load with electrical power, comprises - comprising a voltage sensor to 
measure voltage samples indicative of an open circuit voltage of the secondary battery at a 

plurali ty of different time points within a predetermined period of time after termination of 
charging o r dischar ging; a control part-unit to execute and c ontro l the computin g p r o c es s for 
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eale^teie^-of-r eceive the measured voltage samples from the voltage sensor to calculate t he 
charged rate; -a&d-a- storag e paft4e- st ore the voltage value o utput from-the v olta g enseftsef-aftdrthe 
datum-- r equired -fe r t he c omput i ng- p roc ess on the-eegfaFet^aft? 

her ein t h e confeel-part rec c i¥es4he--e*rt^ s e ns or-eae e o r more withkha 

predetermined--^ than one 

voltage m ea su rement-valu e into th e st ora ge part, recursively calculates with - the more than-one 
voltage measurement value to be reacl feem the storag e party-d etermines - the coefficients of a 
quadrie -eHaefe -e^pene&ti al damping function to approximat e the t i m e c haracteri s tic of the open 
ei^e^ voltage-^ 

based on the determined coefficients, and executes to calculating the charged rate from the 
e eavergen t-vafae 

wherein the control unit comprises a providing means for providing a combination of at 
least two exponential decay funct io ns in which the combination of N exponential decay 
functions, hereinaf ter referred to as multi-e x ponential dec ay function, wher e N is an integer of at 
least two is gi ven b y 
Y - alaq£bl*X)4 a2 exp(~b2*X) 
* a3 coq<43' X)+ a4 exp^MrX) 
+ * * * * + an exp(-ta * 3Q 4 c 

wherein (2N+1) coefficients al to an. bl to bn and c ar e undetermined, Y denotes the open 
circuit voltage, and X denotes time; 

a function determining means for using the measur ed voltage samples to det er mine the 
coefficients of the multi-exponential decay function to thereby determine the mul ti-exponential 
decay function; and 

a charge de te rmining means for calculating the charged rate of the secondary batter y 
using at least the deter mined mul ti-exponential decay function, the charge determining means 
including means for determining a convergent value of the open circuit voltage using the 
determined multi-exponential de ca y function, and for calculating t he charge rate using the 
determined convergent value of the open circuit voltage. 
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In the paragraph starting on page 8, starting with "An apparatus for calculating charged rate of a 
secondary battery according to the ninth aspect of the present invention/' please amend as the 
following: 

In the apparatus for calculating charged rate of a secondary battery accor ding to the ninth aspect 
of the present invention, wherein the control unit further com p rises means fo r simplify ing the 
multi-exponential decay t he-e o n ver gent - v al ue of the -o pen -c ircuit volt a ge -e f the secondary battery 
is^alc ulated ^with- the fixn c ti ea-^ expe negtial- d a mping - function 
by removing tfee-a predetermined term in the multi -exp onential decay function depending on the 
astandby time of voltage measurement which is an elapsed time from termination o f char ge or 
discharge to starting to measure v ol t ag e, and means for apply ing t he measured voltage samples 
to the simplified exponential decay function to determine its coefficients to determine the 
simplified exponential decay function in order that the converg e nt value of the open cir c uit 
volt age of the secondar y battery may be calculated from the determined simplified exponential 
decay function. 

In the paragraph starting on page 8, starting with "An apparatus for calculating charged rate of a 
secondary battery according to the tenth aspect of the present invention," please amend as the 
following: 

In the apparatus for calculating charged rate of a secondary battery according to the tenth 
aspect of the present invention, thege-afe^tefmine c ^^ 

€-8£4heHg^pei^^ the m ul ti - 

exp onential decay function has five coefficients Ah A2, A5, A6 and. € and is given by the 
formula {6) r and that the-eo n-vergex ^ fenetie-e: 

wherein T denotes time and F(T) denotes the open circuit voltage. 
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In the paragraph starting on page 9, starting with "In the apparatus for calculating charged rate of 
a secondary battery according to the eleventh aspect of the present invention," please amend as 
the following: 

In the apparatus for calculating charged rate of a secondary battery according to the 

eleventh aspect of the present invention, t he e xpo ne n tial damping fimction-w4th4iffie--T- as 

described below i n the multi-exponential decay function has nine coefficients Al to A9 and is 

given by the formula (7 ) is used : 

F(T) - Al exp( AS* T) + A2 exp( A6- T) 

+ A3 exp( Al ' T) + .44 exp( AZ< T) + A9 ^ 

wherein T d e notes time and F(T) denotes the open circuit voltage. 

In the paragraph starting on page 9, starting with "In the apparatus for calculating charged rate of 
a secondary battery according to the twelfth aspect of the present invention," please amend as the 
following: 

IN-IoJhe apparatus for calculating charged rate of a secondary battery according to the 
twelfth aspect of the present invention, the formula (8) mentioned below is used in place of the 
function F(T) of the form ula (7) when the standby time of voltage measurement, which is the 
time from termination of charge or discharge for the secondary battery to starting the voltage 
measurement, is more than or equal to ^^predetermined first time and less than a 
predetermined second time,, the formula (9} mentioned below is used in place of the function 
F(T) of the formula f/j when the standby time of voltage measurement is more than or equal to 
the predetermined second time and less than a predetermined third time , and the formula (10) 
mentioned below is used in place of the function F(T) of the formula ( 7) when the standby time 
of voltage measurement is more than or equal to the predetermined third time: 

F(T ) = A2 exp( A6- T) + A3 exp( Al • T) + A4 exp( ^8- T) + A9 (g) 
F(T) = A3 exp( Al • T) + AA exp( ^8- T) + A9 
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In the paragraph starting on page 11, starting with "The power supply system with secondary 
battery according to the fifteenth aspect of the present invention/' please amend as the following: 

The power supply system with secondary battery according to the fifteenth aspect of the 
present invention comprises the apparatus of calculating charged rate efe-s ec ondary-tetey 





according to any one of t he eighth through the thirteenth aspect of the present invention. 



